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CELLULAR BASE STATION AUGMENTATION SYSTEMS AND METHODS 



Field of the Invention 

Hie present invention relates to systems and methods for augmenting the functionality of existing 
cellular base station systems. 

Description of Backgroimd TnfQrniatjon 

Some existing cellular base stations have the capability for transmission of multiple air inter&ces 
(radio transmission signal formats used in wireless multiple access networks). Examples of such 
air interfaces, defined in cellular industry standards, include AMPS (analog FM employing a 30 
kHz channel - Advanced Mobile Phone System), CDPD (cellular digital packet data employing a 
30 kHz channel), and CDMA (code division mdtiple access emplojdng a 1 .25 MHz channel). 

One approach known in the art for simultaneous transmission of multiple air interface signals 
employs low-power combining at baseband fi-equencies. Intermediate Frequencies (IF) or Radio 
Frequencies (RF). In such a case, and where significant RF transmit power is required, a 
mullicarrier linear power amplifier (MCPA) may be employed. A composite low-power signal 
consistmg of multiple signal components representing various air interfaces is amplified by the 
MCPA, then filtered appropriately and radiated by the base station antenna. 

Many cellular base stations have the capability to sihiultaneously receive of multiple air interface 
signals. Also» a cellular base station is typically capable of receiving and demodulating multiple 
signals of a single air inter&ce type. 

Advanced cellular base stations typically employ a receive diversity capability, which employs 
two separate antennas or two separate sets of antenna elements for reception of radio signals 
from mobile or fixed subscriber units. An example of such an advanced cellular base station is 
that employed in cellular CDMA networks. 

Existing cellular base stations could benefit materially (in terms of Forward [base station to 
mobile] link performance) from the addition of a capability known as transmit diversity, which 
employs two separate antennas or two separate sets of antenna elements for transmission of base 
station signals to mobile or fixed subscriber imits. Transmit diversity base stations employ signal 
processing means (typically implemented with a suitable transform) to operate on a first 
transmission signal to be radiated fi*om a first or Main transmit antenna, thereby obtaining a 
second or Diversity transmission signal to be radiated from a second or Diversity transmit 
antenna. In order to benefit from tiie transmit diversity capability, mobile or fixed subscriber 
units must have a capability to appropriately process the two separate Forward Link signals and 
obtain a net performance benefit, under certain conditions e.g.^ slow-moving or stationary 
subscriber units. 

It is customary that each base station location, known as a Cell Site, is equipped for multiple 
separate coverage zones or Sectors, where each sector covers a certain azimuthal range. A 
typical Cell Site may host 3 sectors. In such a case, 3 separate sets of directional antennas 
provide coverage. 

Li a case where a Receive diversity capability is provided for each Sector, two receive ant^mas 
per sector or two sets of receive antenna elements per sector are provided. When it is desired to 
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add a capability for Transmit diversity for each Sector, two transmit antennas per sector or two 
sets of transmit antenna elements p^ sector are provided. If liie use of two separate transmit 
antennas and two separate receive antennas per Sector were contemplated, in certain urban or 
suburban applications there are zoning or other regulatory restrictions which prevent deployment 
of more than a certain quantity of antennas per cell site> or alternatively a maxhnum overall size 
of the electromagnetic radiating structure may be specified fay local ordinances. 

Jn a case where local ordinances permit the deployment of only one radiating structure or one 
radome-covered structure per Sector, it is necessary to employ innovative q>proaches to obtain 
the desired radio system performance while simultaneously complying with local ordinances. 
One such approach known in the art is to employ a single antenna for both transmit and receive 
along with a suitable filter network known as a Duplexer. The Duplexer feeds signals from the 
transmit and receive sections of a base station to a single antenna. In the event that Diversity 
transmit and receive cq>abilities are needed, a second antenna fed by a Duplexer may be used, or 
alternatively an antenna with two sets of dual-slant cross-polarized antenna elements within a 
single radome may be employed. In tliat case, the +4S degree elements may be used for the first 
or Main transmit and receive functions while the -4S degree elements may be used for the 
second or Diversity transmit and receive functions. 

Sntnnnary of the Invention 

The present invention is provided to improve wireless communications systems. Certain aspects 
of the presCTt invention are intended for base station augmratation, and minimize the need for 
modifications to existing radio base stations in order to provide additional highly-desirable new 
features, including transmit diversity. 

The present mvention is directed to a system or method, or one or more components thereof. In 
accordance with such a system or method, an existing and operational base station serving a 
^en cell or sector has a main antenna and a diversity antenna. The existing antennas typically 
continue to be employed afier the augmentation process, however the base station itself is 
modified during the augmentation process to provide the desired enhanced capabilities and/or 
enhanced performance. 

The present invention comprises a system and method for adding a transmit diversity capability 
to existing cellular base stations while minimizing the scope and complexity of base station 
modifications and to reduce the quantity and complexity of additional subsystems needed to 
provide that transmit diversity capability. 

The present invention, in one group of embodiments, extends the capability of a base station to 
provide transmit diversity by employing a Remote Unit which is typically tower-mounted but 
which employs a conventional passive column array antenna or multiple such antermas. The 
present invention, in a second group of embodiments, extends the capability of a base station to 
provide transmit diversity by employing roof-mounted or ground-mounted units along with a 
tower-mounted conventional passive column array antenna or multiple sudi antennas. The 
Remote Unit was referred to as CEB m US patent application No. 60/342,105. 

Brief Description of the Figures 

The features, objects, and advantages of the present invention will become more apparent from 
tiie detailed desoription which follows, ^en taken in exjunction with the drawing. 
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Figures 1*5 show various example embodiments of the present invention. 

Fig. 1 depicts one illustrative augmentation method where an existing space diversity antenna 
arrangement of a base station having one MCPA per sector and no transmit diversity and 
employing CDMA, AMPS and CDPD transmission is converted by adding a low-power signal 
combiner, a Transmit Diversity Unit, extemal MCPA, and external Duplexer to obtain a new 
^stem arrangement supporting CDMA Transmit Diversity. 

Fig. 2 depicts one illustrative augmentation method where an existing space diversity antenna 
arrangCTEient of a base station having two MCPAs per sector and no transmit diversity and 
employing CDMA, AMPS and CDPD transmission is converted by adding a low-power signal 
combiner. Transmit Diversity Unit and by re-arranging signals, obtain a new system arrangement 
supporting CDMA Transmit Diversity. 

Fig. 3 depicts one illustrative augmentation method where an existing space diversity antenna 
arrangement of almost ''an/* base station having two Duplexed Tx/Rx KF ports per sector (for 
two groups of CDMA carriers) and no transmit diversity is converted by adding three Ehiplexers, 
a high-power signal combiner. Directional Coupler, Transmit Diversity Unit, and MCPA with 
external Duplex^, obtain a new system arrangement supp(nting CDMA Transmit Diversity. 

Fig. 4 depicts one illustrative augmentation method where an existing space diversity antenna 
arrangemrat of a base station having two Duplexed Tx/Rx RF ports per sector (for two groups of 
CDMA carriers) and no transmit diversity is converted by adding two Tx bandpass filters, two 
Directional Couplers, Directional Couplers, Transmit Diversity Unit, MCPA, and a separate Tx 
Diversity antenna to obtain a new system arran^ment supporting CDMA Transmit Diversity. 

Fig. S depicts one illustrative augmentation method where an existing space diversity antenna 
arrangement of a base station having two Duplexed Tx/Rx RF ports per sector (for two groups of 
CDMA carriers) and no transmit diversity is converted by adding a Tx low-power combiner, a 
receive signal 2:1 splitter. Transmit Diversity Uni^ MCPA^ Duplexer, and Optional Tower-top 
LN A to obtain a new system arrangement supporting CDMA Transmit Diversity. 

Fig. 6 depicts one illustrative augmentation method where two two-column antennas deployed in 
a space diversity arrangement of a base station having two Duplexed Tx/Rx RF ports per sector 
(for two groups of CDMA carriers) and no transmit diversity is converted by addmg two Tx 
directional coi^ilers and 2 Tx bandpass filters, two Transmit Divmity Units, and 2 MCPAs to 
obtain a new system arrangement supporting CDMA Transmit Diversity. 

Fig. 7 depicts one illustrative augmentation method where an existing space diversity antemia 
arrangement of a base station having 2 Simplex Tx and 2 Simplex Rx RF ports per sector (for 
two groups of CDMA carriers) and no transmit diversity is converted by adding a Tx high-power 
2: 1 combiner. Directional Coupler, Transmit Diversity Unit, High Power Amplifier, and 2 
Duplexers to obtain a new system arrangement supportmg CDMA Transmit Diversity. 

Fig. 8 d^icts one illustrative augmentation method where two two-column antennas deployed in 
a space diversity arrangement of a low-power base station having Simplex Tx and Rx RF ports 
and no transmit div^ity is converted by adding a Tx Dkectional Coupler^ Transmit Diversity 
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Unity MCPA and LPA, 2 Duplexers, and 2 High-Power Pliase Shifters to obtain a new system 
arrangement supporting CDMA Trananit Diversity, Azimudial Beam Squint and Azimutfaal 
Beamwidth Shaping. Remote and/or autonomous control of the Beam Squint and Beam Shying 
are provided by a suitable control system. 

Fig. 9 depicts one illustrative augmentation method where an existing polarization diversity 
antenna arrangement of a base station having Simplex Tx and Rx RF ports and no transmit 
diversity is converted by adding a Tx Coupler, Transmit Diversity Unit^ Rmote Unit 
incorporating two Duplexers, two LNAs, one Tx Power Amplifier, and control system for 
Remote Electronic Tilt to obtain a new system arrangement siq)porting CDMA Transmit 
Diversity. 

Fig. 10 depicts one illustrative augmentation method where an existing space diversity antenna 
arrangement of a base station having one Tx-only lower-power port, one Duplexed Tx/Rx RF 
port and one Simplex Rx RF port per sector and no transmit diversity is converted by adding a 
Transmit Diversity Unit, MCPA, and Duplexer to obtain a new system arrangement supporting 
CDMA Transmit Diversity. 

Fig. 1 1 depicts one illustrative augmentation method where an existing space diversity antenna 
arrangement of a base station having two Duplexed Tx/Rx RF ports per sector (for two groups of 
CDMA carriers) and no transmit diversity is converted by adding two Duplexers, two Directional 
Couplers, 2:1 low-power Tx signal combiner. Transmit Diversity Unit, a separate Tx Diversity 
antenna, and a Remote Unit incorporating two Duplexers, two LNAs, one Tx Power Amplifier to 
obtain a new system arrangement supporting CDMA Transmit Diversity. 

Fig. 12 depicts one illustrative augmentation method where an existing space diversity antenna 
arrangement of a base station having one Duplexed Tx/Rx RF port and one Simplex Rx RF port 
per sector and no transmit diversity is converted by adding a Tx Coupler, Transmit Diversity 
Unit, Remote Unit incorporating two Duplexers, two LNAs, and one Tx Power Amplifier to 
obtain a new system arrangement supporting CDMA Transmit Diversity. 

Fig. 13 depicts one illustrative augmentation method where an existing space diversity antenna 
arrangement of a base station having one Duplexed Tx/Rx RF port and one Simplex Rx RF port 
per sector and no tran^t diversity is converted by addmg a Tx Coupler, Transmit Diversity 
Unit, variable-gain Tx and Rx signal amplifiers, Duplexer, Remote Unit incorporating two 
Duplexers, two LNAs, and one Tx Power Amplifier to obtam a new system arrangement 
supporting CDMA Transmit Diversity. 



Fig. 14 depicts dne illustrative augmentation method where an existing space diversity antenna 
arrangement of a low-power base station having one Duplexed Tx/Rx RF port and one Simplex 
Rx RF port per sector and no transmit diversity is converted by adding a Tx Coupler, Transmit 
Diversity Unit, variable-gain Tx and Rx signal amplifiers, Duplexer, Two Remote Units with 
each one incorporating one Duplexers, one LNA, and one Tx Power Amplifier to obtain a new 
system arrangement supporting CDMA Transmit Diversity. 

Fig. IS depicts one illustrative augmentation method where an existing space diversity antenna 
arrangement of a base station having one Duplexed Tx/Rx RF port and one Simplex Rx RF port 



30294663-1 



per sector and no transmit diversity is converted by adding a Directional Coupler, RF Dummy 
Load, Duplexer, 1:2 Splitter, Transmit Diversity Unit, variable-gain Tx and Rx signal ampliJBers, 
Duplexer^ Two Remote Units with each one incorporating one Diq)lexm, one LNA, and one Tx 
Power Amplifier to obtain a new system arrangement supporting CDMA Transmit Diversity. 



Detailed Description of the E rnhndimente 

The present detailed description hereby expressly incorporates by reference in their entireties US 
Patent application numbers 09/697770, 60/161918, 60/177653, 60/330,505, and 60/342,105. 
These previously filed applications employ one or more antenna array systems in order to 
implement a transmit diversity capabilHy or other additional base station transmission or 
reception capability. Some of the CTibodiments in these US patent applications use active 
antenna array systems. Some cellular netwoiic applications do not suggest or permit the use of 
active antenna array systems. One such example is where a sufficiently low radio transmission 
frequency is employed by the cellular network, so that the KF cable losses are not significant. 
Another such example is where the distance between the antenna(s) and Ae radio base station is 
very short, and where the antennas are deployed nearby on a rooftop. In such a case, RF cable 
losses may not be significant and use of an active antenna array syst^ may not be required nor 
desired. In such cases, it may be advantageous to instead locate all the transmit and receive 
amplifiers, RF transmit and receive filters, etc. within or nearby the radio base station. Anolher 
such example is where very high composite power is required to be transmitted and special 
transmit amplifier cooling arrangements are required, which may not be suitable for tower- 
mounted or roof-mounted active antenna array applications. 

One or more of the previous US Patent applications listed previously included descriptions of 
embodiments providing transmit diversity capability for CDMA base stations. These 
embodiments employ various signal processing means to generate or synthesize the second or 
Diversity transmit signal, such as time delay and/or phase sweep transforms. 

Existing base station antenna arrangements may utilize receive diversity antennas^ e.g., to combat 
the adverse effects of multipafh propagation. A prevailing cellular base station configumtion 
incorporates a space diversity antenna pair in each sector. 

It is known in the art that transmit diversity can provide enhanced capacity and/or coverage for 
CDMA networks. An upgrade is desired in many of these cases in order to enhance the capacity 
for a particular sector by adding transmit diversity. The benefit to the sector of the enhanced 
edacity can range from 20% to 200%. 

Various embodiments are illustrated in Figures 1-lS. 

Fig. 1 illustrates an augmentation method that modifies an existing base station system 
configuration but does not change the antenna arrangement for die passive antennas. The 
antenna arrangement comprises a main antenna and diversity antenna. Augmentation of the base 
station in Fig. 1 converts an existing base station without transmit diversity to an augmented base 
station hamg receive space diversity and transmit space diversity. 
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Initially, the existing base station arrangement includes a main antenna that permits transmission 
and reception over the same Main antenna. A single cable extends from the main antenna, 
located at the top of a building and connects to a Main Duplexer located in the base station. The 
Main Diq)lexer serves as a coupler that allows the simultaneous transmission and reception of 
two signals using the same Main antenna. To transmit a signal from the base station to a mobile 
unit along the forward link, the base station transceiver system sends a transmit signal comprised 
of either a CSDMA, CDPD, or AMPS signal via a transmission cable Txl through a multicarrier 
Imear power amplifier LPA to a Tx Mam mput terminal of the Main Duplexer. The Main 
Duplexer then sends the transmit signal over an RF cable to the Mam Antenna, where the 
transmit signal is radiated to the mobile unit When the mobile unit transmits a signal to the base 
station along the reverse link, the receive signal arrives at the Main antenna, which then sends 
the receive signal to the Mam Duplexer via an RF cable. The Duplexer sends Ihe receive signal 
to the base station transceiver subsystem by directing the signal over the receive line Rxl. 

In the embodnnent of Fig. 1, tiie secondary Diversity antenna is a passive column array deployed 
in a space diversity configuration. However, tiie scope of the embodiment of Fig- 1 is not limited 
to this exemplary arrangement. Other types of secondary anteima arrangements may be 
employed alone or in combination, such as a polarization diversity antenna arrangement 

Within the existing base station antenna arrangement of Fig. 1, a single RF cable extends from 
flie secondary Diversity antenna to the Diversity Duplexer. Another cable Rx2 extends from the 
Diversity Duplexer to the receive input terminal of the base station transceiver subsystem. 

Both the Main Antenna and Diversity Antenna are passive. 

In order to convert the existing base station system to an augmented base station sj^em 
providmg transmit diversity, several modifications are made to the Tx path to the Diversity 
Duplexer. A multicarrier Imear anq>lifier MCPA is connected via cable to the Tx Diversity port 
of the Diversity Duplexer. The output of the Transmit DivCTsity Unit TDU of the Interface and 
Control Unit ICU is connected to the mput termmal of the MCPA. In turn, a low-power 
combiner drives the input terminal of the TDU. The various u^ut signals coimected to the low- 
power combiner comprise the various single carrier CDMA transmit diversity signals to be 
radiated by the Diversity antenna. 

Fig. 2 illustrates an augmentation method that modifies an existing base station system 
configuration but does not change the antenna arrangement for the passive antennas. Ihe 
antenna arrangement comprises a m^ antenna and a diversity antenna. Augmentation of the 
base station in Fig. 2 converts an existing base station without transmit diversity to an augmented 
base station having receive space diversity and transmit space diversity. 

Initially, the existing base station arrangement includes a main antenna that permits transmission 
and reception over the same Main antenna. A single cable extends fix>m the main antenna, 
located at the top of a building and connects to a Main Duplexer located in the base station. The 
Main Duplexer serves as a coupler that allows the simultaneous transmission and reception of 
two signals using the same Main antenna. To transmit a signal from the base station to a mobile 
unit along the forward Imk, the base station transceiver system sends a transmit signal comprised 
of either a CDMA, CDPD, or AMPS signal via a transmission cable Txl through a multicarrier 
linear power amplifi^IJ^A-2 to a Tx Mam input tmninal of the Main Diq>le3^^ TheMain 



30294663-1 



Duplex^ fhen sends the transmit signal over an RF cable to the Main Antenna, where the 
transmit signal is radiated to the mobile unit 

An alternative means is provided by the existing base station arrangement for transmission from 
the base station to the mobile miit. A second set of transmission signals can be sent via 
multicarrier linear amplifier LPA-1 to the Diversity antenna, in a similar way that this was 
accomplished via LPA-2 and the Main antenna. 

When the mobile unit transmits a signal to the base station along the reverse link, the receive 
signal arrives at the Main antenna, which then sends the receive signal to the Main Duplexer via 
an RF cable. The Duplexer sends the receive sigaal to the base station transceiver subsystem by 
directing the signal over the receive line Rxl . 

In the embodiment of Fig. 2, the secondary Diversity antenna is a passive colunm array deployed 
in a space diversity configuration. However, the scope of the embodiment of Fig. 2 is not limited 
to this exemplary arrangement. Other types of secondary antenna arrangements may be 
employed alone or in combination, such as a polarization diversity antenna arrangement 

Within the existing base station antenna arrangement of Fig. 2, a single RF cable extends from 
the secondary Diversity antenna to the Diversity Duplexer. Another cable Rx2 extends from the 
Diversity Duplexer to the receive input terminal of the base station transceiver subsystem. 

Botb the Main Antenna and Diversity Antenna are passive. 

In order to convert the existing base station system to an augm^ted base station system 
providing transmit diversity, a few modifications are made to the Tx path to the Diversity 
Duplexer. The existing multicarrier linear amplifier LPA-1 which was connected via a cable to 
. the Tx Diversity port of the Diversity Duplexer is still in place. The ou^ut of fhe Transmit 
Diversity Unit TDU of the Interface and Control Unit ICU is now connected to the input terminal 
of LPA-1. In turn, a low-power combiner drives the input terminal of the TDU. The various 
input signals connected to the low-power combiner comprise tiie various single carrier CDMA 
transmit diversity signals to be radiated by the Div^ity anteima. 

Fig. 3 illustrates an augmentation method that modifies an existing base station system 
configuration but does not change the antenna arrangement for the passive antennas. The 
antenna arrangement comprises a main anterma and diversity antenna. Augmentation of the base 
station in Fig. 3 converts an existing base station without transmit diversity to an augmented base 
station having receive space diversity and transmit space diversity. 

Initially, the existing base station arrangement includes a Main antenna that permits transmission 
and reception over the same Main antenna. A single cable extends from the Main antenna, 
located at the top of a building and connects to the base station BTS. 

Within the existing base station antenna arrangement of Fig. 3, a smgle KF cable extends from 
the secondary Diversity antenna to the Diversity port of &e BTS. It provides a means for 
reception of the Diversity Receive signals, as well as transmission of signals on Tx Channels 1, 3 
andS. 
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Both the Main Antenna and Diversity Antenna are passive. 

In order to convert the existing base station system to an augmented base station system 
providing transmit diversity, several modifications are made to the RF path to the Diversity 
Antenna. The Diversity Duplex^, placed in the High Power Amplifier Rack, is connected to the 
Diversity Antenna. A multicarrier linear amplifier MCPA is connected via cable to the Tx 
Diversity port of the Diversity Duplexer. The output of the Transmit Diversity Unit TDU of the 
Interface and Control Unit ICU is connected to the mput terminal of the MCPA. In turn, the 
sample port of a Directional Coupler placed inside thp RF Interfiu^e Unit RFIU drives the TDU. 

The main signal driving the Directional Coupler of the RFIU is derived by first combinmg the 
various transmit signals coming fi-om the two respective Tx ports of the base station BTS. The 
signal combining is perfonned via the two respective Dupiexers and High Power Combiner 
located in the RFIU. 

To transmit a signal from the base station to a mobile unit along the forward link, the existing 
base station transceiver system sends a transmit signal comprised of a CDMA signal (e.g.. 
Channels 2, 4, or 6) via the Main Tx/Rx port of the base station BTS to a Duplexer located in the 
RF Interface Unit RFIU and from there to a High Power Combiner in the RFIU, then throu^ a 
Dhectional Coupler to a Mam Duplexer located in the RFIU. The Main Duplexer then sends the 
transmit signal over an RF cable to the Main Antenna, where the transmit signal is radiated to the 
mobile unit 

When the mobile unit transmits a signal to the base station along the reverse luik^ the receive 
signal arrives at the Main antenna, ^A^iich then sraids the receive signal to the Main Duplexer via 
an RF cable. The Duplexer s^ds the receive signal to the base station transceiver subsystem hy 
directing the signal through another Duplexer in the RFIU to the Main RF port of the BTS. 

Withm the augmented base station system arrangement of Fig. 3, a single RF cable extends fix>m 
the secondary Diversity antenna to the Div^sity Duplexer in the High Power Amplifier Rack. 
Another cable extmds from the Div^sity Duplexer to the Duplexer m fte RFIU connected to the 
Diversity RF port of the BTS. 

In the embodiment of Fig. 3, the secondaiy Diversity antenna is a passive column array deployed 
in a space diversity configuration. However, the scope of the embodiment of Fig. 3 is not limited 
to this exemplary arrangement Oflier types of secondaiy antenna arrangements may be 
employed alone or in combination, such as a polarization diversity antenna arran^ment 

The architecture of the embodiment of Fig. 3 is compatible with any base station architecture, 
smce it does not need a low-power RF connection point mside fbe existing base station. This 
reduces cost and complexity. 

Fig. 4 illustrates an augmentation method tfiat modifies an existing base station system 
configuration and changes the antenna arrangement for the passive antennas. The existing 
antenna arrangement comprises a main antenna and diversity antenna, however the augmented 
arrangement adds a third antenna for transmit diversity. Augmentation of the base station in Fig. 
4 converts an existing base station without transmit diversity to an augmented base station havmg 
receive space divmity and transmit space diversity. 
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The existing base station configuration for Figure 4 is idCTtical to that of Figure 3. The 
diiferences are with regard to the augmented base station and antenna configurations. 

In order to convert Ihe existing base station S3^tem to an augmented base station system 
providing transmit diversity, a multicarrier linear amplifier MCPA is connected via cable to the 
Tx Diversity antenna. The output of the Transmit Diversity Unit TDU of the Interface and 
Control Unit ICU is connected to the input terminal of the MCPA. In turn, the output port of the 
low-level combiner in the RFIU sample drives the TDU. 

The signals feeding the low-level combiner in the RFIU are bandpass filtered, after being derived 
firom two respective Dkectional Couplers in the RFIU. The Directional Couplers are fed by the 
two RF ports of the BTS known as Mam and Diversity. 

To transmit a signal from the base station to a mobile unit along the forward link, the base station 
transceiver syst^ sends a transmit signal comprised of a CDMA signal (e.g.. Channels 2, 4, or 
6) via the Main Tx/Rx port of the base station BTS to a Directional Coupler in the RFIU, then 
over an RF cable to the Main Antenna, where the transmit signal is radiated to the mobile unit 

When the mobile xmit transmits a signal to the base station along the reverse link, the receive 
signal arrives at the Main antenna, which then sends the receive signal to the Main RF port of the 
BTS. 



In the embodiment of Fig. 4, the Tx Diversity antenna is a passive column array deployed in a 
space diversity configuration. However, the scope of the embodunent of Fig. 4 is not limited to 
this exemplary arrangement Other types of secondary antenna arrangements may be enq)loyed 
alone or in combination, such as a polarization diversity antenna arrangement 

One possible disadvantage is that it may require use of 3 antennas per sector. 

An embodiment related to the embodunent of Figure 4 was included in US Patent Application 
60/330,505. 

Fig. 5 illustrates an augmentation method that modifies an existing base station system 
configuration but does not change the antenna arrangement for the passive antennas. The 
antenna arrangement comprises a main antenna and diversity antenna. Augmentation of the base 
station in Fig. 5 converts an existing base station without transmit diversity to an augmented base 
station having receive space diversity and transmit space diversity. 

Initially, the existing base station arrangement includes a Main antenna that permits transmission 
and reception over the same Main antenna. A single cable extends from the Main antenna, 
located at the top of a building and connects via an Optional tower-mounted LNA to the base 
station BTS. 

Withm the existing base station antenna arrangement of Fig. 5, a single RF cable extends from 
the secondary Diversity antenna to flie Diversity port of the BTS. It provides a means for 
reception of the Diversity Receive signals, as well as transmission of signals on some of the 
available the Tx Channels. 
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Both the Mam Antenna and Diversity Ant^ma are passive. 

The existing base station configuration for Figure S is ahnost identical to that of Figure 3. Hie 
differences are with regard to the augmrated base station. 

In order to convert the existing base station system to an augmented base stetion system 
providing transmit diversity, several modifications are made to the RF path to the Diversity 
Antenna. The Diversity Duplexer, placed in liie High Power Amplifier Rack, is connected to the 
Diversity Antenna. A multicarrier linear amplifier MCPA is connected via cable to the Tx 
Diversity port of the Diversity Duplexer. The o\xtpxst of flie Transmit Diversity Unit TDU of the 
Interface and Control Unit ICU is connected to the input terminal of the MCPA. In turn, a low- 
power combiner placed inside the RF Interface Unit RFIU drives the TDU. 

The signals drivmg the inputs of the low-power combiner in the RFIU are derived by sampling 
the various transmit signals coming from flie two respective Tx ports of the RF UNIT in the base 
station BTS. 

To transmit a signal fi-om the base station to a mobile unit along the forward link, the base station 
transceiver system sends a transmit signal comprised of a CDMA signal via the Main Tx/Rx port 
of the base station BTS to a high-power Combiner located in the modified BTS. The Combiner 
then sends the transmit signal over an RF cable to the Main Antenna, where the transmit signal is 
radiated to the mobile unit 

When the mobile unit transmits a signal to the base station along the reverse link, the receive 
signal arrives at the Main antenna, is amplified by a tower-mounted LNA, which then sends the 
receive signal to the HSgh Power Combiner via an RF cable. It is to be noted that the Optional 
tower-moimted LNA does not have any role in enhancing the Forward Link. The Combiner 
sends the receive signal to the base station transceiv^ subsystem through the RF UNIT. 

Within the augmented base station system arrangement of Fig. 5, a single RF cable extends firom 
the secondary Diversity antenna to the Diversity Duplexer in the High Power Amplifier Rack. 
Another cable extends firom the Diversity Duplexer to a Splitter in the RFIU^ which in turn is 
connected to the Diversity RF port of the RF UNIT in the BTS. 

In the embodiment of Fig. 5, the secondary Diversity antenna is a passive column array deployed 
in a space diversity configuration. However, tiie scope of the embodiment of Fig. 5 is not limited 
to this exemplary arrangement Other types of secondary antenna arrangements may be 
employed alone or in combination, such as a polarization diversity antenna arrangement 

One possible disadvantage of the embodiment of Figure 5 is that it requires a low-pow^ RF 
connection point where RF carriers are available. It also requires that a high-power combiner be 
installed inside the base station. 

Fig. 6 illustrates an augmentation method where there are two two-column antennas deployed in 
a space diversity arrangement of a base station having two Duplexed Tx/Rx RF ports per sector 
(for two groiq)s of CDMA earners). As was the case for previously disclosed embodiments, no 
transmit diversity is provided by the existing base station. The existing single-colunm antennas 
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are replaced by a two-column antenna which has ^proxmiately the same physical size as the 
existing singte-colimm antennas. 

The rest of the augmentation process involves adding two directional couplers and 2 Tx 
bandpass filters, which in turn feed Ihe respective Tx signals to two Transmit Diversity Units. 
Two MCPAs placed at the outputs of the Transmit Diversity Units allow the augmented system 
to siipport CDMA Transmit Diversity. 

A primaiy advants^e of the embodiment of Figure 6 is that Ibsre are no Duplexer losses, 
increasing the available Tx power. 

Fig. 7 illustrates an augmentation method where there are two single-column antennas deployed 
in a space diversity arrangement of a base station having 2 Simplex Tx and 2 Simplex Rx RF 
ports per sector (for two groups of CDMA carriers). As was the case for previously disclosed 
embodiments^ no transmit diversity is provided by the existing base station. 

The augmentation process involves connecting and adding a Tx high-power 2: 1 combiner to the 
base station Tx ports. The combiner feeds the all-carriers Tx signal to the Directional Coupler, 
which samples a low level signal and feeds it to tihie Transmit Diversity Unit A High Power RF 
Amplifier provides the high-power Transmit Diversity signal. The two Duplexers which are 
connected to the Main and Diversity antennas isolate the high-power Tx and low-power Rx 
signals, and facilitate a new system arrangement supporting CDMA Transmit Diversity using ihe 
existmg antennas. 

Fig. 8 illustrates an augmentation method which affords two high-value capabilities: Azimuthal 
Beam Squint and Azimuthal Beamwidth Shaping. These important features allow interference 
and Soil handoff management as well as load management among the sectors of a base station, to 
afford higher capacity and equipment utilization for cell sites witii uneven sector loading. 

The augmentation process involves replacing the existing two single-column antennas with two 
two-column antennas. A Phase Shifter driven by a remote control ^^stem which may be either 
manually or automatically controlled affects the antenna pattem for Ihe two-column structure by 
adjusting the main lobe boresight azimuth. 

The embodiment according to Fig. 8 is implemented in conjunction with a low-power base 
station having Simplex Tx and Rx RF ports. It is also possible to deploy this capability with 
other base station configurations. 

The augmentation process also involves adding a Tx Directional Coupler, whose coupled port in 
turn drives the Transmit Diversity Unit (TDU). The TDU in turn drives the MCPA. The 
mainline signal from the Tx Directional Coupler in turn drives the LPA. The two Duplexers 
connected to the Main and Diversity antennas isolate the high-power Tx and low-power Rx 
signals, and facilitate a new system arrangement supporting CDMA Transmit Diversity, 
Azimuthal Beam Squint and Azimuthal Beamwidth Shaping. Remote and/or autonomous control 
of the Beam Squint and Beam Shaping are provided by a suitable control system, desc^bed in 
previous embodunents. 
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Fig. 9 illustrates an augmentation method which generally affords better Tx power amplifier 
eflSciency than other approaches. This embodhnent employs a Remote Unit which is mtended to 
be installed neaiby the antenna(s). The loss encountered for the RF cable between the Remote 
Unit and antenna will be thereby typically reduced. This particular embodiment is particularly 
appropriate for urban areas with difficult zoning challenges, smce only a single anteima per 
sector is reqmred to implement Transmit Diversity. The low loss of the Rx cables provides an 
enhanced Noise Figure for the Reverse Imk. 

Most of the remainmg wnbodunents (shown m Figure 1 1-15) also employ the Remote Unit, and 
the benefits of a tower-top Remote Unit accrue to the other embodunents as weH. 

This embodiment employs a base station having Simplex Tx and Simplex Rx RF ports. The 
augmentation process involves adding a Tx Coupler, and the coupled port feeds the Transmit 
Diversity Unit (TDU). The TDU in tuni feeds a Diversity Txsi^ to flieRraiote Unit Sinceit 
incorporates two Duplexers, two LNAs, one Tx Power Amplifier, and a control system for 
Remote Electronic Tilt, it allows easier site optimization. This embodiment also supports 
CDMA Transmit Diversity. 

Fig. 10 illustrates an augmentation method whereby only one additional Tx Power Amplifier per 
sector is employed. The embodiment requires Ae availabilhy of a Tx-only lower-power port at 
the base station. This approach also employs a Duplexed Tx/Rs RF port and one Simplex Rx RF 
port per sector. This embodiment involves feeding the TDU from the low-power TX only RF 
port of the base station. The TDU in turn drives the MCPA and the Diqpl&cer connected to the 
Div^hy Antenna allows use of only two antennas per sector. 

One possible disadvantage of the embodiment of Figure 10 is that it requires a low-power RF 
connection point where RF carriers are available. 

Fig. 11, like the previous embodiment, illustrates an augmentation method whereby only one 
additional Tx Amplifier p^ sector is employed, and its output looses are minimized. It has the 
advantage of being a more universal augmentation solution smce it does not require specialized 
base station connections. One possible disadvantage is that it requires a third antenna per sector. 
The augmentation process involves adding two Duplexes near the base station Duplex RF ports. 
In turn, two Directional Couplers sample a low-poww Tx signal, feeding it to a 2:1 low-power 
Tx signal combiner, and on to the Transmit Diversily Unit In this embodiment, the separate Tx 
Diversity antenna is fed by the Remote Unit incorporating two Duplexers, two LNAs, and one Tx 
Power Amplifier. The LNAs reduce Ae system noise figure and help balance flie radio Imk, 
once the Transmit Diversity has made an impact on the Forward Link. 

Fig. 12 also employs a Remote Unit This embodiment is appropriate in the event that all the 
CDMA carriers exist on one RF port of the base station. For this augmentation method, a base 
station havmg one Diqplexed Tx/Rx RF port and one Simplex Rx RF port per sector is enaployed. 
The augmentation process involves addmg a Ttl Coupler at a low RF power sampling point 
inside the base station. The couler feeds the Transmit Diversily Unit, which in turn feeds the Tx 
Power Amplifier in the Remote Unit As before, the Remote Unit mcorporates two Duplexers, 
two LNAs, and one Tx Power Amplifier. One possible disadvantage of the embodiment of 
Figure 12 is that it reqmres a low-power RF connection point where RF carriers are available. 
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Fig. 13 Qlustrates an augmentation method whereby the Tx power leveb for both Main and 
Diversify Tx are set within the Remote Unit itself. Again the two existing column antennas in a 
space diversity arrangement are employed, in conjunction wiA a Remote Unit The 
augmentation process involves of a base station having one Duplexed Tx/Rx RF port and one 
Snnplex Rx RF port per sector and no transmit diversity is converted by adding a Tx Coiqpler, 
Transmit Diversity Unit, variable-gain Tx and Rx signal amplifiers, Duplexer, Remote Unit 
incorporating two Duplexers, two LNAs, and one Tx Power Amplifier to obtaiu a new system 
arrangement supporting CDMA Transmit Diversity, 

Fig. 14 has one major difference from the embodim^ shown in Fig. 13 . It employs a Modular 
Remote Unit, which is split into two identical halves. This architecture facilitates maintenance 
and reduces sector down-time. 

Fig. 15 illustrates an augmentation method whereby the augmentation system itself can be 
quickly removed from service and the base station returned to its initial configuration quickly if 
desired. This approach emplcys a non-radiating RF Load to dissipate the existing base station Tx 
power. The Coupler and Duplexer at tiie base station*s Txl/Rxl RF port help to sample tiie Tx 
signal so it can drive the TDU. Variable-gain Tx and Rx signal amplifiers help to set the 
appropriate base station RF inter&ce levels. 
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Figure 1 
Block Diagram per one Sector 
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Figure 2 
Block Diagram per One Sector 
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Figure 6 
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Block Diagram per One Sector 
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Figure 9 
Block Diagram per One Sector 
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FigurelO 
Block Diagram per One Sector 
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Block Diagram perone Sector 
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Figure15 
Block Diagram per One 
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